Pre-school acute lymphoblastic leukemia (ALL) peak is consistent in developed but not in developing countries and its magnitude apparently correlates with the socioeconomic status. A population-based study describing ALL incidence during socioeconomic transition has been lacking. Central European postcommunist countries (with very low foreign migration and centralized statistics) offer reliable data for the period before and during major socioeconomic changes. Population-based data on Czech ALL patients younger than 18 years were taken from two independent Czech national registries partially overlapping in time (1980-1998, n = 1236 and 1991-1999, n = 570). During the 1980s and 1990s, ALL incidence among children 1-4 years increased 1.5 times (P = 0.01). This increase was more prominent in females than in males (slopes 0.13 and 0.09, P values 0.03 and Ͼ0.05, respectively). No significant change was observed in other age groups (0, 5-9, 10-14, 15-17 years or all others combined). We discuss possible underlying socioeconomic factors including infant care and breast-feeding, hygiene, birth order, industry and pollution. Moreover, we try to pinpoint the immunophenotypic/molecular-genetic subsets of ALL that might be socioeconomically affected. Selective increase of ALL in children 1-4 years old provides epidemiological evidence that etiology and/or trigger mechanisms are different for a considerable proportion of these children and that these mechanisms are exogenous. Leukemia (2002) 16, 720-725.
Introduction
The specific etiology of childhood acute lymphoblastic leukemia (ALL) remains unknown for over 95% of patients who lack a pre-existing genetic disorder.
The incidence of ALL is typically higher in countries with higher socioeconomic status. [1] [2] [3] Several studies have reported that higher socioeconomic status of the child's family is a risk factor for ALL, 2, 4 although other studies did not confirm this relationship. 5, 6 In developed countries, the age distribution of ALL shows a major peak at pre-school age (between 1 and 5 years of age) with a slow decline toward adolescence. 7 This contrasts to the typical age distribution in less developed countries with no pre-school peak. 1, 8 Under-reporting cannot fully explain the differences in ALL incidence between Africa and the developed countries since the incidence in non-peak age is comparable. 1, 8 A multinational study on the effects of Chernobyl accident showed an attenuated pre-school peak in postcommunist countries. 9 The pre-school peak of ALL emerged at the beginning of the twentieth century in the developed world. 10 Since then, the causes of the peak remain enigmatic. based studies can help to document which ALL subsets are particularly sensitive to the extrinsic factors involved in the pre-school ALL pathogenesis.
The correlation between socioeconomic status and ALL incidence is one of the arguments supporting the hypothesis of infectious etiology of childhood ALL. 11, 12 The other issues include clustering of ALL in areas with high population mixing 12 and higher incidence among first-borns with a declining trend towards higher birth order. 13 According to this hypothesis, the individual faces a narrower range of antigens in infancy and/or young childhood and later the immune system reacts inadequately, which triggers malignant transformation.
11,12
The European post-communist countries have been undergoing profound socioeconomic changes recently, comprising of the establishment of free-market economy, changes in life style, increased international exchange of goods as well as of persons.
The effect of major socioeconomic transitions on childhood ALL incidence has not been addressed in large populationbased studies. We study the ALL incidence in the Czech Republic in the period from 1980 to 1999 with respect to age at presentation.
Methods

Patients
Age at diagnosis and year of diagnosis of Czech patients with ALL were analyzed. Two mutually independent nationwide data sources were used, with a partially overlapping period analyzed. These are the National Oncology Registry (NOR) (1980-1998, n = 1236) and a database of the Czech Pediatric Hematology Working Group (CPHWG) (1991-1999, n = 570). The data in the National Oncology Registry are based on mandatory reporting by the physicians who have primary hematological care of the patients. The database of the Czech Pediatric Hematology Working Group includes data of all children with ALL, which are entered no later than by the end of each calendar year; a central overview of morphological diagnosis together with central immunophenotyping and molecular genetic classification are available since 1996.
All the analyses used in this study comply with the respective Czech laws on personal statistical data and on medical research.
Demography and incidence calculation
The age of each patient was determined as the integer of age in years at the day of diagnosis. The incidence was calculated as a ratio between the total number of patients of a particular Incidence of acute lymphoblastic leukemia in the Czech Republic in the 1980s and 1990s. Each point represents the incidence per 10 5 children in the respective age group. Lines represent the results of computed linear regression for each group (National Oncology Registry (NOR) data only). CPHWG: Czech Pediatric Hematology Working Group. The incidence is increasing among children from 1 to 4 years (P = 0.01) whereas it does not change significantly in any other age group.
age and the total population of children of that age (status as of 1 July) in each year.
Statistical analysis
Linear regression analysis was used to calculate slopes, levels of significance and 95% confidence intervals. Significance is always related to two-sided Bonferroni-corrected P values. In total, six regression analyses were computed in this study. Fisher's exact test was used to compare the composition of the ALL categories in the age-and sex-defined subsets.
Ploidy and molecular genetic classification
In order to assess the proportion of ALL subclasses at the end of the period studied, we analyzed an unselected consecutive cohort of children diagnosed between April 1997 and December 1999. Central flow cytometric and RT-PCR data were used, as described previously.
14 Cases with DNA index at or above 1.16 and lower than 1.6 were considered hyperdiploid, those with RT-PCR-based positivity of TEL/AML1, BCR/ABL or MLL/AF4 transcripts were labeled according to the respective transcript. No child had concurrence of any of these four anomalies.
Results
ALL incidence
As shown in Figure 1 , there is an increasing incidence of ALL among children 1 to 4 years. Linear regression analysis of the NOR data revealed a significant 1.5-fold increase in the incidence of ALL among children 1 to 4 years old between 1980 and 1998 (P = 0.01, mean annual increase: 0.11 cases/10 5 ). None of the other age groups changed significantly. When we combine the data for all children other than 1 to 4 years old, Leukemia the incidence is virtually constant (slope: +0.02 case/10 5 per year [95% confidence interval: −0.01 to +0.05]; NOR data).
The influence of sex
When the group of children 1 to 4 years was analyzed separately, an increase was visible in both sexes ( Figure 2 ). An increase is notable especially among girls (yearly interval analysis, P = 0.031) and did not reach significance in boys. Therefore, we analyzed the current categories of Czech children with respect to sex. Among females between 1 and 4 years old, the proportion of hyperdiploid ALL was more prominent compared to the other groups ( Figure 3 ). However, the observed difference did not reach significance in this sub-cohort.
Discussion
We found a significant increase in the incidence of ALL among children from 1 to 4 years in the Czech Republic (population 10 million). To our knowledge, this is the first
Figure 2
Incidence of ALL in Czech children from 1 to 4 years old at diagnosis. The increase was more prominent in girls than in boys (slopes 0.13 and 0.09 case/year, P values 0.03 and Ͼ0.05, respectively). example of a substantial change in the incidence of ALL during political/economic transition that is documented by a population-based study. This study extends findings from comparative studies between countries and populations with a different socioeconomic status and different incidence of childhood ALL. 1 The search for the particular factor that is responsible for these international differences may be hampered by an unmanageable breadth of differences including life style, diet, spectra of infectious and symbiotic microorganisms, genotype, level of diagnostic etc. Therefore, evidence that a similar change may occur within one country during a relatively short period may be important for further epidemiological studies.
Among developed countries, an increase of pre-school ALL has been well documented in New Zealand; from the 1950s to 1980s, 1.6-fold increase in ALL incidence at 0 to 4 years was noted. 15 A similar increase of ALL incidence among children 1 to 4 years old has occurred in several European countries and among US whites. 10, [16] [17] [18] Recently, increasing ALL incidence has been reported in the US particularly among black children and children below 2 years of age. 19 Two independent sources of data have been used in this study: the National Oncology Registry (NOR), and the database of the Czech Pediatric Hematology Working Group. Both of these databases should contain the information on all patients with ALL. It is mandatory for all physicians who treat children with ALL to report their data to the NOR. The Czech Pediatric Hematology Working Group databases include the complete data from all centers that treat childhood ALL. For the 1980s, only data from the NOR are available. Therefore we cannot prove the accuracy for this period by an independent set of data. However, it is unlikely that the observed change is due to under-reporting since there is a constant incidence of ALL in children other than the 1 to 4 years of age group. There is no reason to speculate that children of a specific age are less reported than are others.
Methodologically, the statistics were unaffected by the peaceful split of Czechoslovakia in 1992/1993, which also caused no major migration shifts. The country has split along the existing administrative regional borders and the separate statistics for the Czech population had also been available for the period prior to the split.
The increase in the incidence does not follow a simple mathematical curve nor is an exact mathematical correlation known from previous studies. Therefore, selection of the regression type is a possible problem. We show a simple linear regression in this report but almost identical P values were obtained by Bonferroni-corrected log-linear regression (not shown).
The communist regime collapsed in 1989. While certain changes like the freedom of movement became effective instantly, others have been introduced with a variable delay. Some aspects of western style of living started to appear slowly even before political change. These were, for instance, the availability of a wider range of hygienic chemicals and technological advances in the car industry and their extensive use. Table 1 shows basic parameters that characterize the economic and health status in the Czech Republic during the study period. The changes in the particular parameters should not be interpreted in a causal manner. For instance, allergy has been found to be protective in case-control studies. 20, 21 Our data indicate that the incidence of both allergies and ALL has increased simultaneously. However, this does not contradict the findings of case-control studies as the same or similar exogenous mechanisms could lead to the development of ALL in some children and allergic disorders in others. The decreasing number of still births and the decreasing infant mortality rate indicate improving quality of prenatal and pediatric care, respectively. However, these parameters were comparable to many Western countries even in the 1980s. Pediatric care has been hierarchically organized with free access to primary pediatricians throughout the 1980s and 1990s. It appears unlikely that the observed incidence increase is due to misdiagnosis; there is no documented evidence that pre-school ALL would be more likely to be misdiagnosed than others. Given the clinical symptoms of untreated ALL, it is rare that a child would remain undiagnosed throughout the course of the disease and at autopsy. By law, autopsy has been mandatory for all children who died aged 15 years or less throughout the study period. There has been a continuous decrease in the birth rate in the Czech Republic throughout the 1980s and 1990s. This trend has been accompanied by the increase of parental age (Table 1) . However, the risk of ALL was found to inversely correlate with birth order in some studies 13 or did not correlate in others. 22 If the age of parents represented a substantial risk factor, ALL incidence should increase with the birth order, and this has never been described. Therefore, it is unlikely that an increasing parental age represents a risk for ALL development. As to the birth order itself, the proportion of Czech children at first and subsequent birth orders has not changed dramatically. We calculated the changes of theoretical risk for ALL due to the changing birth order structure using the risk ratios from the study by Westergaard et al. 13 The calculated risk ratio values were between 1.00 to 1.06 and 0.99 to 1.00 for children 0 to 4 and 5 to 14 years, respectively (data not shown). Thus, the increased ALL incidence cannot be attributed to changes in the birth order structure of the Czech childhood population.
Changes in vaccination schedule are summarized in Table 1 . The role of vaccination has not been shown in casecontrol studies. 6 However, the design of any case-control study that examines vaccination would certainly be complicated by the fact that a significant part of vaccination is mandatory. The children who do not achieve full vaccination are not optimal as controls since they may suffer from an underlying disease or may live in uncommon social conditions.
Leukemia
In general, socioeconomic improvement is usually accompanied by a decline in breast-feeding. The opposite has recently happened in the Czech population; breast milk substitutes were widely recommended in the 1960s and 1970s while a slow renaissance of breast-feeding has since been observed. The increase of breast-fed children in the 1990s is documented by population-based data (between 1993 and 1998, the percentage of breast-fed children increased from 18% and 8.4% to 40% and 18% in 3-month and 6-monthold infants, respectively 23 ) and a nation-wide survey together with smaller studies documented an increase in breast-feeding in the 1980s. 24 Although breast-feeding has been found to have a protective effect, 25 our data show a coincidental increase of both the proportion of breast-fed children and ALL incidence. Although we do not know whether the ALL children in our study were breast-fed more or less than the healthy population, we can see that in the early 1980s, the shorter duration of breast-feeding did not cause an increase of ALL incidence. Therefore, breast-feeding may only be a secondary factor that can alleviate the consequences of the higher socioeconomic conditions. Several authors suggested that the high hygiene level might be responsible for the development of ALL, which was demonstrated for example by an inverse correlation of hepatitis A infections and ALL incidence. 26 Czech data support this view since the overall hepatitis A incidence has been declining ( Table 1) . Although the personal hygiene habits did not change much between the early 1980s and late 1990s, parti-cular factors that did change can be found. These exceptions include, eg disposable diapers, which were rarely used in the 1980s and are now standard in the vast majority of families. Also, the use of household chemicals may have increased and their composition changed, which we cannot document statistically.
Until 1989, Czechoslovakia was directed by the international planning of the Soviet bloc to heavy industry. After 1989, heavy industrial production has been declining in many areas. This caused, together with active environmental measures, a marked improvement of air pollution parameters such as sulfur dioxide concentration (Table 1) . Thus, our data cannot support the speculation that socioeconomic factors might increase ALL incidence via an overall worsening of industrial pollution.
The effect of the Chernobyl nuclear accident (1986) on childhood leukemia has been analyzed in several studies from countries where radiation exposure was found or could be expected. No large study documented an increased incidence of ALL as a result of this accident. 9, [27] [28] [29] Our data also cannot be explained by increased ionizing radiation in 1986 since there is no clue why children aged 1 to 4 years should be affected even 13 years following the accident whilst others would remain unaffected.
The amplitude of the observed incidence change -1.5-fold difference -contrasts with the fact that socioeconomic factors were associated with only moderate 2, 30, 31 or even non-significant change 5, 6, 22 in ALL incidence in case-control studies or other studies that focus on the status of patients' families. Is it the socioeconomic status of the particular family which underlies the development of ALL in children from developed countries? If so, the difference should be consistently found within each country, and the odds ratios for the children in 'richer families' in this age group should not be much lower than the 1.5 observed here or in previous studies describing increased ALL incidence among pre-school children. [15] [16] [17] [18] We therefore favor the view that higher socioeconomic status of the entire community (or nation) creates the milieu in which leukemogenic events take place. Whether these events are of infectious form remains to be elucidated.
The incidence data presented in this study show identical trends among children 1 to 4 years old as was described in a smaller-sized study from north-west England. 10 Therefore, common exogenic factors should be searched for that underlie these concurrent changes. The study by McNally et al 32 possibly reflects the general improvement of socioeconomic conditions that occurred in the UK in the 1980s and 1990s. Although the number of cases precluded a significant difference, McNally et al also noticed a more prominent increase among girls. Both in this and in McNally's studies, the ALL incidence in late 1990s is almost identical between both sexes of preschool children. Another more recent study by McNally et al extends the data to other malignancies: malignant lymphogranuloma (Hodgkin's disease) shows a similar increase between the 1950s and 1980s, whereas both acute myeloid leukemia and non-Hodgkin's lymphoma remained stable. 32 In the age group of 1 to 4 years, the majority of cases have B precursor immunophenotype and genetically, most of them are either TEL/AML1 pos or hyperdiploid ALL (Refs. 33, 34 and Figure 3) . Indeed, the recent increase in ALL incidence in north-west England is attributed to B-precursor ALL. 10 To our knowledge, hyperdiploid and TEL/AML1 pos subsets of ALL have never been tested separately in an epidemiological study concentrating on possible exogenous etio-pathogenetic factors. Unfortunately, population-based Czech data on ploidy and TEL/AML1 status are available only for the 1990s, showing similar patterns as in the USA and European Union. Between 1 and 4 years of age, the proportion of TEL/AML1 pos ALL is very similar between both sexes or slightly higher among boys (Ref. 35 and Figure 3) . Therefore, TEL/AML1 pos ALL is unlikely to underlie the changes observed in this study. On the other hand, the proportion of females is higher (Ref. 36 and Figure 3 ) among children with hyperdiploid ALL. Thus, if we expect socioeconomically influenced ALL to be genetically homogeneous, hyperdiploid rather than TEL/AML1 pos ALL should be considered as a candidate subtype. However, there might be more than one socioeconomic factor responsible for triggering different subsets. DNA ploidy of ALL cases from developing countries is largely unknown. A non-population-based study showed only a moderately decreased proportion of hyperdiploidy (15%) in Indian children with ALL. 37 Our data show that the incidence of ALL among children 1 to 4 years old has recently been increasing in the Czech Republic, correlating with socioeconomic and political changes. This increase was more prominent in girls. Our data support the view that a considerable proportion of pre-school ALL is caused by exogenous factors. Epidemiological studies in other countries, especially those that are undergoing socioeconomic changes, are needed. If socioeconomic changes lead to an increase in a genetically distinct subtype, hyperdiploid ALL should be considered. Together with experimental data, epidemiology may lead to the discovery of exogenous leukemogenic factors, which would verify the preventable nature of ALL in pre-school age children.
